LXXI International conference
"NUCLEUS —2021. Nuclear physics and elementary particle physics.
Nuclear physics technologies"

NUCLEON DENSITY PROFILES AND
NUCLEUS-NUCLEUS INTERACTION POTENTIAL

Simonov M.V.
Karpov A. V.
Tretyakova T. Yu.

Saint Petersburg
20-25 September, 2021
online




NUCLEON DENSITY PROFILES AND NUCLEUS-NUCLEUS INTERACTION POTENTIAL

Heavy ions collision: diabatic potential

Reactions with heavy ions:

1. Two collision regime: diabatic and adiabatic
2. Fast collisions: no dynamic deformations =>

double density and repulsion

Objectives:

1. Investigate how nucleon density
parameters impact on profile of diabatic
potential

2. Select density parameters and calculate
diabatic potential for spherical nuclei
withZz>8, N> 8
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Charge and proton density
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Neutron density

Neutron density: p,, (1) = po’,’,_Rn
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Variation of parameters

220 220 —
Bass ] Bass
210 4 -R1_p=3.41, R1_n=3.63 210 - a=0.45
— R1_p=3.61, R1_n=3.83 ] a=0.55
— —— R1_p=3.81, R1_n=4.03 i~y 2=0.65
2 )
= Z1Z¢>  R|R = -
190 - ) flen - > 190
5 ! 1"‘B£|5:s(RJ — S - L (;(R} 2 .
© R Ry + Rs 0
o 180 o 180 4
© © !
§ 170- S 170+
O | -—
o = 1
160 160
Ly 48C 5 + 208pp = 48Ca + 208pp
140 f T T T T T T T T 1 140 f T T T T T y T v 1
8 10 12 14 16 18 8 10 12 14 16 18
r (fm) r (fm)
Half-density radii variation: R;,, = (3.61 £ 0.2) fm Diffuseness variation: a = (0.55 + 0.1) fm

Simonov M.V. et al. Nucleus-2021



NUCLEON DENSITY PROFILES AND NUCLEUS-NUCLEUS INTERACTION POTENTIAL

Results
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Conclusion

1. Approximation coefficients are obtained on the base of experimental data for:
* rms. charge radius
e diffuseness

2. Neutron radii are determined from neutron skin thickness and proton radii.

3. Sensitivity of diabatic potential to parameters of nucleonic densities is shown.

4. Nucleus-nucleus interaction potential is calculated for spherical nuclei with
Z > 8, N > 8. Comparison with Bass potential for nuclei system of different
mass is carried out.
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Thank you for your attention!
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Appendix: Model

1. Folding potential: Vun(r) = JP1(T1) fpz(rz) v + 71, — 1) dirp diny
Vv v,

p1(1r1) + po (1)
p2(0) + p,(0)

2. Effective Migdal forces: vyy(ri3) =C [Fex + (Fi, — Fey) ]5(r12)

3. Total nucleonic density:
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4. Spherical nucleiZ>8, N> 8 = R A
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Appendix: Data and relations for density parameters

1.

2.

Radii data:
Charge rms. radius (exp)

Proton rms. radius
Rms. neutron radius
Rms. and half-density radius

Neutron skin thickness from
antiprotons-nuclei scattering data (exp)

Diffuseness data:
From HFB-densities

From comparison with Bass barrier
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An example: densities for 43Ca
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Appendix: Potentials

Effective nucleon-nucleon Migdal potential:

p1(1r1) + po(1ry)
p2(0) + p,(0)

UNN(rlz) = C Fex + (Fin R Fex) 5(7”12)» Fex{in} = .fezr;(in} T .f;zr;[im

C, MeV-fm-3 fin for fin’ fox
300 0.09 -2.59 0.42 0.54

, Z1Z9¢2  RyR ¢ 20
Bass potential:  VBas(R) = 1R2 R 112%29(5) 9(&) = [AGXP (a) + Bexp (dj)]

{ =R - (R + Ry)

A MeV1fm | B, MeV1fm d, fm d,, fm

0.03 0.0061 3.3 0.65
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Appendix: Results
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